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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Humidification approach of electrolyte of fuel cell characterized by making exhaust gas produced in 
cathode side of fuel cell (2) carry out recycling to cathode (12) of fuel cell (2) partially at least. 

2. It is Recycling Way (34) to Exhaust Gas Pipe (28) Connected to Cathode Side of Fuel Cell (2). 
The fuel cell for enforcing the approach according to claim 1 which ****** 5 and a part of exhaust gas 

[ at least ] produced in a cathode side through this is made to carry out recycling to the cathode (12) of a 
fuel cell (2), and is characterized by attaching controller material (30) to the recycling way (34) further. 

3. Fuel cell according to claim 2 characterized by adjusting a part of exhaust gas in which controller 
material (30) carries out recycling in proportion to emission output of fuel cell (2). 

4. Fuel cell according to claim 1 or 2 characterized by carrying out opening to air supply tubing (26) by 
which recycling way (34) was connected to cathode side through gas-compression machine (36). 

5. Fuel cell according to claim 4 characterized by seeing in air supply tubing (26) in flow direction of 
air, and incorporating air compressor (38) in front of opening part of recycling way (34). 

6. Fuel cell according to claim 2 or 3 characterized by seeing in air supply tubing in flow direction of air, 
incorporating gas-compression machine behind opening part of recycling way, and incorporating 
diaphragm in front of opening part. 

7. Fuel cell according to claim 2 or 3 characterized by for recycling way (34) carrying out opening to 
siphon (60) of air-bleed compressor (63), and supplying the compressed air with gas-compression vessel 
(38) by which this air-bleed compressor was connected to air supply tubing (26), and connecting with 
cathode side of fuel cell (2). 

8. Claim 2 characterized by being fuel cell of polymer electrolyte membrane mold (PBM) thru/or fuel 
cell of one publication of seven. 

9. Claim 2 characterized by being alkaline fuel cell thru/or fuel cell of one publication of seven. 

10. Claim 2 characterized by being an acid fuel cell thru/or the fuel cell of one publication of seven. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

A fuel cell and the humidification approach of that electrolyte This invention relates to the 
humidification approach of the electrolyte of a fuel cell especially the fuel cell of a polymer electrolyte 
membrane mold, and a fuel cell. 

Generally, a fuel cell consists of an electric conduction plate, cathode, an ion conductivity interlayer, an 
anode plate, and another electric conduction plate, and is accumulated on plate-like in order of the above 
[ these ]. Especially the fuel cell of this configuration will be well-known in the FAU day I report No. 
912 and 1992 by the paper "the fuel cell for electric tow tractors" of 125 thru/or 145-page car 
SHUTORASA in APURUBAI and the Fawkes collaboration "fuel cell handbook" list which were 
published in New York in 1989. Since a fuel cell can transform into direct electrical energy the energy 
combined chemically, it makes it possible to be higher effectiveness and to change the fuel, for example, 
hydrogen, natural gas, and biogas into electrical energy at a fewer burden to an environment rather than 
being conventionally made in the well-known traditional thermal power station where the effectiveness 
is restrained by the so-called Carnot's cycle. 

If the above-mentioned reference is followed, with regards to the electric drive force, the fuel cell (PEM 
fuel cell) of a polymer electrolyte membrane mold is made desirable. This type of fuel cell can be 
operated also with gas and air which contain pure gas or C02 technically. If an advantageous thing is 
illustrated [ as opposed to / especially / the use in an automobile ], it will be that there is no corrosive 
liquefied electrolyte with the long duration property that power density is high and it is sufficient and, 
low [ an operating temperature ] (<100 degree C). A corrosive liquefied electrolyte is used in acidity or 
an alkaline fuel cell. 

The special problem in the above-mentioned fuel cell is the moisture balance in the electrolyte under 
actuation of a fuel cell. The moisture content in a fuel cell, especially an electrolyte is closely related to 
the functionality of a fuel cell. If the moisture content in an electrolyte is too high, the dilution will 
become high and will become reduction of the available output of a fuel cell. Moreover, if an 
electrolytic moisture content is too low, internal resistance will go up and it will become reduction of the 
electric generating power of a fuel cell similarly. Even if an electrolyte furthermore dries partially, it 
may result in generation of the generation of gas, i.e., inflammable-gas mixture. In being the worst, a gas 
mixture object burns and it brings about damage or destruction of a fuel cell. 

So, the evaporation condensing plant which requires cost considerably in an acid or alkaline fuel cell for 
adjustment of an electrolytic moisture content is formed, and showing the water surface top by which 
temperature control was carried out to transportation of a steam using a part of gas [ at least ] which 
flows into a fuel cell for the purpose of a parenthesis is already proposed. 

The PEM fuel cell which operates especially with hydrogen and air needs an evaporator, in order to 
adjust the moisture content in the film to which a proton is led. This evaporator must be fitted to the 
minimum system ** about that dimension arrangement. In constant temperature, the maximum stream 
flow is humidified in this case, therefore it is because the greatest matter exchange area is required. It 
must submit to the remarkable big structure volume [ like ] which also reaches the magnitude of an 
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original fuel cell block when using such an evaporator, and the high investment cost accompanying this 
as a fault. These faults are very serious when using a PEM fuel cell, followed the use, especially 
movable use, and have barred larger application of such [ again ] a fuel cell. 
The technical problems of this invention are a fuel cell and the humidification approach of that 
electrolyte, and are to offer the approach of canceling the above-mentioned fault so that a fuel cell can 
be used from an economical viewpoint. 

The above-mentioned technical problem about an approach is solved by making the exhaust gas of the 
fuel cell produced in a cathode side re-**** to the cathode of a fuel cell partially at least. The water 
(generation water) which this produces in a fuel cell in the case of an electrochemical reaction is away 
held from the cathode of a fuel cell, and is made to carry out recycling to the cathode of a fuel cell 
partially subsequently at least with excessive exhaust gas first. Whenever [ humidification / of the 
oxidizer which flows into cathode by this ] goes up, and better humidification of the electrolyte of a fuel 
cell is guaranteed. In addition, the supply of an oxidizer to the cathode of a fuel cell means supply of 
pure oxygen technically besides supply of the oxygen in air of perimeter air in this case. 
The technical problem of this invention about a fuel cell connects a recycling way to the exhaust gas 
pipe connected to the cathode side of a fuel cell, and it is solved by making controller material attach to 
a recycling way while enabling recycle of a part of exhaust gas [ at least ] produced in a cathode side 
through this in the cathode of a fuel cell. 

It becomes possible to return again a part of water taken out from the cathode side of a fuel cell by this, 
and heat to cathode. The amount made [ exhaust gas ] to carry out recycling by controller material can 
be adjusted. 

In this case, as for the recycling part of exhaust gas, it is desirable to especially be prepared so that it 
may be proportional to the output of a fuel cell by controller material. It can ask for the output of a fuel 
cell easily by measuring a current and an electrical potential difference in that case, and the matter 
converted quantity of a fuel cell also rises in proportion to an output with the rise of the output of a fuel 
cell in that case. The recycling part of exhaust gas is adjusted by controller material according to this. 
In order to pressurize the recycling part of exhaust gas again at the inlet-port pneumatic pressure by the 
side of cathode, it is desirable to connect a recycling way to air supply tubing connected to the cathode 
side through the gas-compression machine. 

In that case, a gas-compression machine balances only the comparatively small differential pressure 
between a cathode inlet port and an outlet, pressurizes a comparatively small air content, and should just 
carry out it to **. 

Two examples of this invention are explained in detail with reference to a drawing, 
the PEM fuel cell with which drawin g 1 was equipped with the recycling way for the exhaust gas of a 
fuel cell which occurs in a cathode side — rough — being shown — drawin g 2 ~ re — a shield — a loop 
route shows the part connected to air supply tubing in the form where the examples of drawin g 1 differ. 
The cathode side plate 10 with which the fuel cell 2 roughly shown in d rawin g 1 consists of a cooling 
room 4, the spacer 6 by the side of cooling water, an air gas room 8, and the carbonic paper, the 
BURACHINA cathode 12, the PEM film 14 (usually marketed, for example by the name "Nafion 1 17"), 
the platinum anode plate 16, It has the spacer 22 and cooling room 24 by the side of the anode plate side 
plate 18 which consists of the carbonic paper, the hydrogen gas chamber 20, and cooling water, and 
these are accumulated as one plate in this sequence. The cooling room 4 by the side of cathode and the 
cooling room 24 by the side of an anode plate are connected to the cooling water circuit which is not 
illustrated. An exhaust gas pipe 28 is connected to an entrance side at the air gas room 8 at the air supply 
tubing 26 and an outlet side, and the exhaust gas pipe is connected into atmospheric air through the 
controller material 30 and an expansion turbine 32. The recycling way 34 is connected to the controller 
material 30, and this is connected to the air supply tubing 26 through the gas-compression machine 36. 
Before seeing to the flow direction of air and connecting the recycling way 34 to the air supply tubing 
26, the air compressor 38 is connected to the air supply tubing 26. A part of driving force of the gas- 
compression machine 36 and an air compressor 38 is supplied by the exhaust gas expansion turbine 32 
in this drawing through the communication trunk 40 which accepted it roughly and was shown. The 
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remaining driving force is supplied by the motor 41 which is not shown in detail in this drawing. 
The hydrogen supply pipe 42 is connected to the entrance side of the hydrogen gas chamber 20. This 
hydrogen supply pipe goes into the hydrogen gas chamber 20 through a valve 46 and the gas humidifier 
48 from the source 44 of hydrogen. 

The return tubing 50 of hydrogen gas is connected to the outlet side of the hydrogen gas chamber 20, 
and opening of this is carried out to the hydrogen supply pipe 42 between the air humidifier 48 and the 
hydrogen gas chamber 20 through the gas-compression machine 52. 

In this example, the hydrogen gas chamber 20 receives the hydrogen partial pressure of about 2 bars in 
the case of actuation of a fuel cell 2. The air gas room 8 receives pneumatic pressure with the gas- 
compression machine 36 and an air compressor 38, and air static pressures are about 1 .3 thru/or 4bara in 
this example in that case. It is changed into two oxygen ion to which the air oxygen molecule took four 
electrons, respectively, and was charged in negative [ of a duplex ] by the catalysis in cathode. Oxygen 
ion reaches the boundary layer between cathode 12 and PEM14. An electron required for reduction of 
oxygen is generated by the catalyst in an anode plate, and the hydrogen content child of two ******** j s 
decomposed into four hydrogen ions and four electrons there. According to the load current to which the 
electrical potential difference UBz of about 0.5 thru/or IV was set, it is impressed by the terminal 56 
connected to the anode plate side plate 18 which consists of the terminal 54 and the carbonic paper 
which were connected to the **** side plate 10 which consists of the carbonic paper in that case. 
If an electric load is connected among terminals 54 and 56, the electron which became free in the anode 
plate will flow to cathode 12 through an ammeter 58 and the external electric load which is not 
illustrated. A fuel cell 2 performs operation according to the convention in that case, and reaches the 
output list to about 700 mW/cm2 at the current density of 1000 mA/cm2. In that case, operating 
temperature is about 80 degrees C. The part emits an electron in a fuel cell, and subsequently the 
hydrogen gas which is first introduced into the gas humidifier 48, is humidified there, and flows into an 
anode plate 16 through the hydrogen supply pipe 42 generates water, and is consumed. Since this water 
called generation water is almost mainly formed in the interface between cathode 12 and PEM14, the 
part in which hydrogen gas is not consumed is led to the hydrogen gas return tubing 50. Subsequently 
the hydrogen gas humidified with generation water is again led to the hydrogen supply pipe 42 through 
the gas-compression machine 52, it flows into an anode plate 16, and desiccation of PEM14 in the 
interface between an anode plate 16 and PEM14 is avoided. 

The part in which hydrogen gas was consumed is filled up from the source 44 of hydrogen in that case, 
and is humidified with the gas humidifier 48. Although not shown to the gas humidifier 48 by this 
drawing, the water of condensation obtained from the exhaust gas by the side of cathode can also be 
supplied. 

With airstream, the generation water produced in the cathode side flows into an exhaust gas pipe 28 
from the air gas room 8, and separates from a fuel cell 2. A part of exhaust gas is introduced into the 
recycling way 34 by the controller material 30 with regards to the emission output of a fuel cell, and the 
air supply tubing 26 is again supplied through the gas-compression machine 36 from there. Some water 
generated in the boundary layer between cathode 12 and PEM14 by this in the case of electrochemical 
reaction is made to carry out recycling to cathode 12, and, thereby, desiccation of PEM14, therefore the 
functional disorder of a fuel cell 2 are made to avoid. The air content which carries out recycling is the 
abbreviation one half of an exhaust gas air content in the case of the full load of a fuel cell 2. Therefore, 
sufficient humidification of PEM14 by the side of cathode 12 is also guaranteed. 

When the displacement of the required excess air ratio m>=2.5 and one half is returned, the air content 
sent through an air gas room on the whole increases about 20%. Therefore, the pressure drawdown in 
the air conduit which passes along a fuel cell 2, and the need power of air compression which is a sake 
also go up by following again. An excess air ratio m is defined as an amount of oxygen in the air over 
oxygen need (stoichiometric) in that case. The power need of the gas-compression machine 36 to the 
amount of exhaust gas which carries out recycling further in addition is added, and in that case, the gas- 
compression machine 36 has only to balance few air pressure deficits, in order to pressurize again the 
exhaust gas which carried out recycling at the inlet-port pneumatic pressure of the air gas room 8. A part 
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of power consumed with an air compressor 38 is brought about by the exhaust gas expansion turbine 32 
operated by the remaining amount of exhaust gas in that case. 

When this recycling of exhaust gas air is not performed, the gas humidifier which is not shown in an air 
compressor 38 in this drawing must be prefaced, and the desiccation by the side of the cathode of PEM 
must be avoided. In this case, according to the minimum system **, a dimension arrangement of this so- 
called film humidifier is fitted to the possible maximum air content, and must be set up. Such a film 
humidifier needs a quite high manufacturing cost with a layered product several times the volume of a 
fuel cell 2, although it is technically realizable. Therefore, the fault accompanying use of a film 
humidifier has a possibility of barring use of the PEM fuel cell 2, 

Drawin g 2 shows a different example which introduces into the air supply tubing 26 the air which 
carries out recycling, and balances differential pressure. For this reason, in the opening part of the 
recycling way 34, the air-bleed compressor 63 is incorporated so that that siphon 60 may be connected 
to the recycling way 34 and the compressed-air supply pipe 62 may be connected to an air compressor 
38. In this case, the gas mixture object the compressed air which flows into a fuel cell 2 carries out [ an 
object ] recycling is attracted according to the adjustment at that time of the controller material 30. 
The premise which decreases the manufacturing cost of the fuel cell 2 which could save the air 
humidifier which is ** at slight cost, and which cost requires and it is large, therefore used PEM 14 as 
the base is made by carrying out recycling of the exhaust gas produced in a cathode side in this way. 
Thus, the structure slightly changed to drawin g 1 is also set to alkalinity or an acid fuel cell again, and 
enables the abbreviation of use of the air humidifier according to individual by the side of the cathode of 
a fuel cell. The approach proposed by this invention as a whole can bring about an improvement of the 
whole fuel cell effectiveness also in these fuel cells. The whole example effectiveness shown in drawin g 
1 becomes 60% or more by 20% of load factor in partial load operation. 



[Translation done.] 
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